. The isolated compounds were identified by comparison of their NMR and mass spectral data with those reported in the literature. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] All chemicals were of analytical grade and chromatographic solvents HPLC grade.
Instrumentation and Analytical Conditions of HPLC Method The JASCO HPLC system (Jasco Co., Ltd., Japan) comprises a PU-1580 intelligent pump, DG-1580-53 3 line-degasser, LG-1580-02 ternary gradient unit, CO-1565 intelligent column oven, AS-2057 plus intelligent sampler, and MD-1510 diode array detector. An Inertsil ODS column (5 mm particle size, 4.6 mm i.d.ϫ250 mm, GL Science Inc.) was used for all chromatographic experiments. The column temperature was set at 45°C and eluted compounds were detected by monitoring the UV absorbance at 280 nm. The chromatographic data were collected and processed by Borwin-PDA Application and Borwin Chromatography Software (Version 1.5, Jasco Co., Ltd., Japan).
The mobile phase systems used in this study were the same as those described in our previous paper 7) (see Table 2 ). Preparation of Standard Solution and Samples Stock solutions of each standard compound were independently prepared by dissolving the appropriate amount of the compound in methanol so as to obtain a final concentration of 1 mg/ml. To draw calibration curves a series of standard solutions were prepared from the stock solution then filtrated through a 0.2-mm Millipore filter (Advantec, Japan). Typical calibration curves containing 1, 5, and 10 mg of analytes were prepared plotting area against injection amount.
For quantitation of the constituents in rhubarb samples, 3 specimens were randomly selected from each sample and the central parts extracted and pulverized. The results of quantitation were presented as the average values of the 3 specimens.
Aliquots (200 mg) of each specimen were extracted three times with 80% acetone (10 ml) at room temperature for 2 h after sonication for 15 min. The organic solvents were combined and evaporated in vacuo to give a methanol extract. The extract was dissolved in 10 ml of methanol-water (9 : 1, v/v). After filtration through a 0.2-mm millipore filter, 20 ml of the filtrate was injected into the HPLC system for analysis.
For quantitation of 29 and 30, 5 ml of the analytical specimen described above was evaporated in vacuo. The residue was suspended in 2 ml of methanol then 8 ml of ethyl acetate-dioxane-acetone (85 : 10 : 5, by vol.) was added to the solution. After centrifugation, the precipitate was dissolved in 5 ml of methanol-water (9 : 1, v/v). The solution was filtered through a 0.2-mm millipore filter, and 20 ml of the filtrate was injected into the HPLC system.
Principal Component Analysis
The quantitation results of 28 compounds (excluding the data of polymeric procyanidins from Table 3) were subjected principal component analysis (PCA) without preprocessing. All statistical analyses were carried out by Piroruet software (GL Science Inc, Tokyo).
Results and Discussion
Identification of 8 Rhubarb Samples The botanical sources of rhubarb samples Nos. 3, 4, 7, and 18 were determined by ARMS and PCR-RFLP methods as R. tanguticum, R. tanguticum, R. palmatum type I, and R. palmatum type II, respectively. 5) By the sequence determination, it was found that the rhizomes of samples Nos. 3 and 4 had identical nucleotide sequences to plant specimens T2 from Huangnan County and T4 from Dulan County of Qinghai Prov., respectively (Table 1 , Fig. 1 ). The sequence of rhizome from sample No. 7 was similar to that of plant specimen Pq1 from Banma County of Qinghai, except for one base substitution at position 379 from the 5Ј end of the matK gene. Sample No. 18 had a similar sequence to that of Ps12 from Daofu County of Sichuan, with two base substitutions at positions 259 and 619. The rhizome from sample No. 11 obtained from Sichuan was determined as R. palmatum type II, having an identical sequence to plant specimen Pg25 from Gansu. Drug sample No. 23 available on the Japanese market was called "Xiang-huang" and produced in Qinghai, mostly composed of the rhizomes of R. tanguticum. 25) However, the rhizome from sample No. 23 was identified as R. palmatum type I, showing an identical sequence to plant specimen Pq3 from the southeastern region of Qinghai. In this experiment, two regions of partial matK gene could be amplified to obtain 748-and 539-bp fragments and definitively sequenced, even if the sample was preserved for a long period (No. 24 was collected 25 years ago). The rhizome of this sample was identified as R. tanguticum, having a similar sequence to plant specimen T2 with two base substitutions at positions 619 and 1114.
Quantitative Analysis The extracts of rhubarb samples were quantitatively examined by HPLC method described in our previous paper. 7) Typical chromatographs of the extracts of rhubarb samples derived from different botanical sources are shown in Fig. 3 . The drug samples of same botanical origins showed similar chromatographic profiles, whereas the samples derived from different origins showed their own characteristic profiles.
As shown in Table 3 , 30 compounds in Rhei Rhizoma of different botanical sources showed considerable variability. As for the total amounts of the 30 compounds, the difference between the highest and lowest ones was Ͼ4. 4 26) were observed in high content in the drug samples from Qinghai, whose botanical sources were R. tanguticum or R. palmatum type I. Futhermore, lindleyin (13) , which shows analgesic and anti-inflammatory activities, 27) was revealed higher in samples derived from R. palmatum type I.
On the basis of the results of quantitative analysis, the 10-directed radar graphs of 24 rhubarb samples were constructed (Fig. 4) . Each direction shows anthraquinones, anthraquinone glucosides, dianthrones, phenylbutanones, stilbenes, flavan-3-ols, procyanidins, galloylglucoses, acylglucoses, and gallic acid. The rhubarbs with the same botanical sources showed similar chemical constituent profiles as fol- To facilitate the classification of rhubarb drugs, principal component analysis was applied to the quantitation results of 28 compounds. The first three principal components, which accounted for 88.2% of the total content, were evaluated in this study. The results on loading indicated that aole-emodin distribution of original Rheum species (R. tanguticum, 3 intraspecies groups of R. palmatum, and R. officinale) belonging to different classes could be observed. Sample No. 24, which was collected 25 years ago, showed less content of flavan-3-ols. It has been reported that these polyphenolic compounds receive atmospheric oxidation readily during the airdrying process. 28) As for the drying procedure of commercially available products, we obtained data showing that samples No. 9 and No. 11 were air-dried in a dark place, and sample No. 10 was air-dried in a dark place followed by heat drying. Samples No. 9 and No. 10, which were the same genetic type (R. palmatum type III) produced in neighboring counties, but processed with different procedures, showed similar patterns of chemical constituents. On the other hand, samples No. 10 and No. 11, which were of different genetic type but produced in the same county, provided different Table 3 . It has been reported that different processing methods for drying such as burning with fire or freeze-drying of high altitude might affect their contents. 29) Kashiwada et al. reported that rhubarb produced in Sichuan Prov. can be classified into two groups depending on the relative concentration of phenylbutanones, stilbenes, and procyanidines to those of other constitutents.
3) Our results suggest that there are four kinds of rhubarb in Sichuan: one kind originating from R. palmatum type III contains large amounts of dianthrones, anthraquinone glucosides, and anthraquinones; one kind from R. palmatum type I shows high content of phenylbutanones, stillbenes, procyanidins, and flavan-3-ols besides the above three chemical groups; one kind from R. palmatum type II contains small amounts of dianthrones, stilbenes, and others; and lastly one kind from R. officinale contains a smaller amount of anthraquinones. Regarding rhubarbs produced in Qinghai and Gansu Provs., there are two kinds. Qinghai productions were derived from R. tanguticum and R. palmatum type I, and Gansu productions from R. palmatum type II and R. palmatum type III.
In conclusion, each Rhei Rhizoma derived from different taxa, genotype, and production sites showed a characteristic chromatographic profile and comparable specific shape in the 10-directed radar graphs constructed on the basis of the contents of 28 major pharmacological active constituents. Furthermore, a relationship between chemical constituent patterns and genetic varieties of rhubarb samples was indicated. At the same time, the characteristic constituent pattern of Rhei Rhizoma with different origins gave useful information on proper use of rhubarb according to different therapeutic purposes. 
